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Periodontal disease is a major chronic disease worldwide and one of the most 
prevalent oral pathologies. Some factors that may lead to periodontal disease include 
poor nutrition, chronic illness, poor lifestyle choices, smoking, and excessive alcohol 
consumption. Previous studies have also revealed a biological link between diabetes or 
obesity and periodontal health status. Because physical activity can reduce the risk of 
diabetes and obesity, it would follow that physical activity may also lead to improved 
periodontal health. However, to date, there has been limited research on the effects of 
physical activity on periodontal disease risk. Our investigation answers the following 
question: Do people who are more physically active have better periodontal health than 
those who are inactive?  
Objective  
The purpose of our research initiative was to evaluate the prevalence of 
periodontal disease among people who are physically inactive versus those who are 




In this study, we utilized the publicly available NHANES 2011-2012 datasets of 
9756 observations before exclusions. Our study included individuals (30-80 years of age) 
consisting of 49.4% male and 50.6% female who provided demographic data, periodontal 
and dentition examination data, and self-reported smoking and physical activity data 
(Table 3). There were a total of 3327 observations meeting our inclusion criteria. 
Weighted prevalence estimates and odds ratios (OR) were calculated for physical activity 
adjusted by age, gender, race, education level, and economic status. Physical activity was 
categorized by domains of transportation physical activity, occupation physical activity, 
leisure time physical activity, and sedentary behavior. Physical activity was also 
categorized into a dichotomous total amount of physical activity by adding the three 
major physical activity domains.   
Results 
We observed higher rates of periodontal disease in men, in older adults, smokers, 
and individuals with diabetes mellitus. We also observed that individuals with higher 
total physical activity and leisure time physical activity and lower amount of total 
sedentary activity had lower periodontal disease rates. After adjusting for confounders, 
lower sedentary time was associated with lower periodontal disease rates (OR 1.18; 95% 
CI (Confidence Interval) 1.01,1.38; p=0.0416), but total physical activity and leisure time 
was not significantly associated with periodontal disease (OR 1.00; 95% CI 0.79,1.28; 
p=0.98) (OR 1.14; 95% CI 0.81,1.61; p=0.42) (Table 5).  
Conclusion   
 
 viii 
 Our findings indicate sedentary time is associated with higher rates of periodontal 
disease. Future prospective longitudinal studies and strategies are needed to investigate 
implications further and define the magnitude of the association between physical activity 
and periodontal disease.   
 
 ix 
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Periodontitis is a common chronic disease of the tooth-supporting tissues caused 
by the accumulation of bacterial deposits on the tooth’s surface and the formation of a 
biofilm such as dental plaque.1 Periodontal disease results from a complex interaction 
between chronic bacterial infection and inflammatory host response, as well as, genetic 
and environmental factors.1 Several factors such as smoking, diabetes, and obesity have 
been reported to increase the risk of periodontitis.2 Metabolic disorders, such as diabetes 
and obesity, can be prevented by maintaining a healthy lifestyle, including achieving 
dietary and physical activity guidelines.3  
Physical activity is known to have beneficial effects on one’s health and well-
being as well as an improvement to the quality of life.4-5 An increase in physical activity 
shows an improvement to insulin sensitivity and glucose metabolism which may in turn 
affect periodontitis incidence.5 The World Health Organization recommends at least 150 
minutes of moderate to vigorous physical activity per week for adults for positive health 
outcomes.6  
Obesity and exercise are shown to be connected with life-style related diseases 
such as diabetes and periodontitis, as well as, metabolic syndromes such as high waist 
circumference, high triglyceride levels, high glucose levels, high blood pressure, and low 
high-density lipoprotein cholesterol.7  
Periodontal disease Pathology  
The earlier stage of gingival disease is known as gingivitis, which can be treated 
when diagnosed early on. Some signs and symptoms of gingivitis include red and 
 
2 
inflamed gingiva that bleeds easily. Without treatment, gingivitis can progress into 
periodontitis, which is a not easily reversible, more serious disease including bone loss.2 
This highly prevalent, chronic, inflammatory disease is an indication of periodontal 
ligament loss and breaking of the alveolar bone surrounding the ligament.2 Periodontal 
disease is assessed by using probing depth (PD) where >4mm is considered to be 
periodontal disease. Probing depth is measured at 6 sites (mesio-buccal, mid-buccal, 
disto-buccal, disto-lingual/palatal, mid-lingual/palatal, and mesio-lingual/palatal) on all 
maxillary and mandibular teeth.8 Periodontal disease is caused by the accumulation of the 
subgingival biofilm which causes inflammation in the periodontal tissues.3 
Physical activity domains and health  
Physical inactivity is associated with many poor health outcomes including higher 
rates of mortality. In a cohort of same-sex twins, the independent association of physical 
activity and mortality was assessed and significance was found. The adjusted risk of 
mortality was 33 percent lower with the twins who occasionally exercised and 44 percent 
lower with physically active twins who engaged in brisk walking for about 30 minutes at 
least six times per month. Physical activity was shown to be associated with lower 
mortality independent of genetic factors and other confounding factors.9  
A larger study of 25,714 men showed higher fitness levels to be correlated with a 
lower risk of mortality regardless of body weight such as normal weight, overweight, or 
obese.10 Similarly, when adjusting for age, smoking status, history of heart disease, and 
alcohol consumption, women who were more physically active had a reduced risk of 
mortality within each category of body weight. The risk of mortality with obesity was 
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significantly reduced by increased physical activity levels. However, an individual who 
was lean did not show a counteraction to the high risk of mortality linked with physical 
inactivity.11,12 
In previous studies, physical activity has been assessed using the Global Physical 
Activity Questionnaire (GPAQ) aimed to measure physical activity per week in three 
different domains made up of transportation, occupation, and leisure time activities.13 
Although, not all physical activity types had the same health benefits. Through a study 
conducted in London, individuals with more demanding occupational physical activity 
had almost 50 percent decreased rates of coronary heart disease and mortality compared 
to individuals with more sedentary occupations such as bus drivers and desk clerks.14 But 
in a Finnish study, lumberjacks with high intensity occupational physical activity had an 
increased rate of coronary heart disease and mortality compared to less intensity 
occupational physically active farmers in the same region.15 Some studies observed the 
relationship of occupational and leisure time physical activity with systolic blood 
pressure and found an increased risk of mortality with higher mean systolic blood 
pressure rates in those who lifted heavy weights at work and partook in high-intensity 
activities for longer periods of time compared to those who showed lower mean systolic 
blood pressure and lower risk of mortality who partook in moderate to vigorous leisure 
time physical activity.16 Individuals with more demanding high intensity physical jobs 
had a 50% lower risk of coronary heart disease compared to individuals with 
sedentary jobs such as bus driving and sitting at a desk.14 
Preliminary data linking physical activity with periodontal disease 
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Although limited, there has been some promising evidence suggesting there may 
be a relationship between physical activity and oral health. Specifically, moderate 
exercise patterns such as the recommended level of physical activity of 150 minutes per 
week was associated with life-style related diseases such as periodontitis.17 
Physical activity has been shown to prevent periodontal disease or stop the rate of 
progression. Since periodontal disease was closely related to lifestyle choices and 
obesity, obese people have shown to have a higher risk of periodontitis.18 Evidence exists 
of the relationship between obesity, physical fitness, and periodontitis.7 A cross-sectional 
study was done at the Aichi Prefectural Center of health care in Japan to find associations 
of periodontal disease in both medical health and physical activity. They found an inverse 
association between physical fitness and periodontitis prevalence.19 The results of the 
study showed a significantly lower risk of periodontitis in lean subjects with high levels 
of physical fitness.16 By engaging in the recommended level of exercise, maintaining 
normal weight, and consuming healthy food, the study showed a 16 percent reduction in 
the prevalence of periodontal disease. Individuals who maintained a normal weight, well-
rounded diet, and were more physically active were 40% less likely to acquire 
periodontal disease compared to individuals who were not physically active. Among 
former smokers, periodontal disease was 74 percent lower in physically active individuals 
than sedentary individuals.20 Men in the highest quintile of physical activity status 
showed a 13 percent lower risk of periodontal disease compared to men in the lowest 
quintile of physical activity status. Physical activity was measured using metabolic 
equivalents (MET) and showed to have a 3 percent decreased risk of periodontal disease 
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for every 10-MET increase in average physical activity.5 One MET is defined as the 
caloric need per kilogram of body weight in one hour of exercise divided by the caloric 
need in the same time used while sitting in a chair.21 
There has also been compelling cross-sectional data in adolescents. For example, 
in a Finnish school health promotion study, adolescents who were more physically active 
had a better overall oral health status compared to adolescents who are less active. But the 
relationship was complicated because even though the active adolescents showed better 
oral health behavior such as the twice daily tooth brushing, they were shown to be more 
likely to be obese or had higher BMI than the less active teens.22 
Links between physical activity, metabolic diseases, inflammation, and periodontal 
disease 
A major reason for proposing an investigation to study the association of physical 
activity with periodontal disease is because of the growing evidence suggesting a strong 
association between metabolic diseases and periodontal disease. Moderate physical 
activity can alleviate systemic inflammatory reactions.23 
Periodontal disease is an inflammation-associated disease, positively linked with 
serum C-reactive protein (CRP) levels as a result of periodontal inflammation and severe 
tooth loss.24 Periodontal disease is also associated with inflammatory cytokines such as 
interleukin-1 (IL-1) and tumor necrosis factor (TNF). Blocking these inflammatory 
cytokines are shown to reduce inflammation near alveolar bone, reduce osteoclasts 
formation, and reduce bone loss.25 
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Obesity is related to inflammation as well. Obesity causes insulin resistance by 
mode of chronic inflammatory state and oxidative stress which implicates the link of 
obesity and periodontal disease. Therefore, obesity is a known risk factor for periodontal 
disease.26 Obesity has been found to have adverse effects on the periodontium that are 
mediated by pro-inflammatory cytokines.27 A study stratified participants into three BMI 
categories of normal weight, obese, and overweight and found a significant association 
between physical activity and weight gain by means of higher physical activity in 
association with less weight gain.28 
 Diabetes is an obesity-related disease and major risk factor for periodontal 
disease. Physical activity has been shown to improve blood glucose control in in type 2 
diabetes and aids in weight loss.29 Implications have been previously made that regular 
exercise and lifestyle changes may prevent or delay the development of type 2 diabetes.30-
31 Higher amounts of sedentary time was associated with poor glycemic control in people 
with or at risk for type 2 diabetes.32-35 Also, periodontal inflammation was shown to 
negatively affect glycemic control.36 The risk of periodontal disease is higher in diabetic 
people compared to non-diabetics.37-38   
Older adults with excess sedentary time showed a significantly higher risk of 
mortality and negative health outcomes than younger, more active individuals.39-40 
Epidemiological studies found an inverse association between CRP levels and 
exercise. Individuals who exercised regularly showed approximately 30% to 50% 
lower CRP levels than sedentary individuals.41-43 Inverse associations between 
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physical activity and inflammatory markers helped in explaining the health benefits 
connected with increased physical activity.44 
It is evident that a relationship between physical activity and the oral microbiome 
exists, but more research needs to be conducted. The reduction in the prevalence of 
periodontal disease may be due, in part, to exercise’s effect on the production and change 
of cytokines. Exercising regularly is associated with a decrease in hsCRP (high-
sensitivity C-Reactive Protein). Individuals who were persistently active had decreased 
odds of having higher hsCRP compared to physically inactive individuals. CRP is an 
inflammatory biomarker and a by-product of the hepatic metabolism of vitamin K and is 
physiologically important for the suppression of blood clotting. Therefore, increased 
levels of CRP were associated with worse periodontal ailments.21 Not only is CRP related 
to inflammatory levels of diseases such as periodontal disease, but also interleukin 1 beta 
(IL-1). A recent study showed a decrease of IL-1 levels with low-to-moderate intensity 
exercise training between 12 to 24 weeks. Regular exercise is needed to maintain 
cytokine levels since interleukins are known to regress to their basal values after 30 days 
without exercise.45 Individuals with periodontal disease also showed lower levels of IL-
10. IL-10 is a cytokine produced by cells such as T cells, macrophages, monocytes, B 
cells, and dendritic cells. IL-10 levels would increase with increasing IL-6 levels due to 
frequent exercise.46 Regular exercise is important to stimulate pro-inflammatory 




Data from NHANES (National Health and Nutrition Examination Survey) 2011-
2012 were used in this study which included a total of 9756 participants who reported 
demographic data. Participants in NHANES who were >30 years of age and were eligible 
to undergo a periodontal examination were selected for the analysis. NHANES 
participants give their informed consent and completed an at-home health interview and 
clinical examination in a specific mobile examination center (MEC).49 The data collected 
at the clinical examinations are standardized with minimal site-specific bias. After 
excluding individuals from the demographics data set who did not meet eligibility 
criteria, those not reporting in each assessment such as periodontal disease, dental, 
physical activity, and smoking, those with improbable reporting, we had a data set of 
3327 total participants.   
Physical Activity Assessment:  
Physical Activity was measured into three different domains: transportation, 
occupation, and leisure time. The total amount of physical activity was calculated by 
adding the total amount of time reported in each domain. The total physical activity was 
assessed dichotomously (yes or no). “Yes” included any type of physical activity 
(transport, occupation, or leisure time) greater than 0 min per week. “No” included any 
type of physical activity (transport, occupation, leisure time) equal to 0 min per week. 




We excluded participants who self-reported numbers in the physical activity 
questionnaires that were improbable such as greater than 24 hours of physical activity or 
sedentary activity per day. Participants who reported 10,080 minutes 
(60min*24hrs*7days) or over of physical activity per week were excluded (n=4) due to 
improbability. We also excluded those who reported over 1,440 minutes (60min*24hrs) 
of sedentary behavior per day (n=2). Participants completed the Global Physical Activity 
Questionnaire. The questionnaire includes questions related to different categories of 
physical activity (such as transportation, occupation, and leisure time) and sedentary time 
(including types of sedentary behavior: screen time vs no screen time). 
Transportation Physical Activity:  
Participants used a questionnaire to report how many days he or she walked or 
biked for at least 10 minutes continuously to get to and from places in a typical week and 
this number was multiplied by the number of minutes spent walking or biking for travel 
on a typical day. We calculated the total number of moderate to vigorous transportation 
physical activity in minutes per week.49 Transportation physical activity was broken 
down into 2 levels defined below:  
1. None: reported no walking or biking continuously for at least 10 minutes to get to 
and from places and reported 0 minutes per week of walking or biking.  
2. Any: reported yes to walking or biking for at least 10 minutes continuously to get 
to and from places and reported greater than 0 minutes per week of activity.  
Occupational Physical Activity:  
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Occupational physical activity was defined as paid or unpaid work activity, 
studying or training, household chores, and yard work. Activities that include intense 
physical labor with high intensity breathing or raised heart rate such as carrying or lifting 
heavy loads, digging or involvement in construction work for at least 10 minutes 
continuously were considered to be vigorous-intensity activities. Activities that include 
moderate physical labor with low intensity breathing or less intense rise of heart rate such 
as brisk walking or carrying light loads for at least 10 minutes continuously were 
considered to be moderate-intensity activities.49  
We calculated the total number of moderate to vigorous occupational physical 
activity in minutes per week by multiplying the number of days of vigorous-intensity 
activities per week by the number of minutes of vigorous-intensity activities on a typical 
day and adding this to the number of days of moderate-intensity activities per week 
multiplied by the number of minutes of moderate-intensity activities on a typical day. 
Occupational physical activity was broken down into 2 levels defined below:  
1. None: reported no activity for at least 10 minutes continuously and reported 0 
minutes per week of activity.  
2. Any: reported yes to having at least 10 minutes continuously of defined activity 
and reported greater than 0 minutes per week of activity.  
Leisure Time Physical Activity:  
Leisure time physical activity was defined as any activities done not defined as 
transportation or occupational activities which include moderate or vigorous-intensity 
sports, fitness, or recreational activities associated with small or large increases in 
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breathing or heart rate. Moderate recreational activities included brisk walking, bicycling, 
swimming, or golfing with small increases in breathing or heart rate for at least 10 
minutes continuously. Vigorous recreational activities include running or playing 
basketball with larger increases in breathing or heart rate for at least 10 minutes 
continuously.49 
We calculated the total number of moderate to vigorous leisure time physical 
activity in minutes per week by multiplying the number of days of vigorous recreational 
activities per week by the number of minutes of vigorous recreational activities on a 
typical day and adding this to the number of days of moderate recreational activities per 
week by the number of minutes of moderate recreational activities on a typical day. 
Leisure time physical activity was also broken down into 2 levels defined below:  
1. None: reported no activity for at least 10 minutes continuously and reported 0 
minutes per week of activity.  
2. Any: reported yes to having at least 10 minutes continuously of defined 
activity and reported greater than 0 minutes per week of activity.  
Sedentary Behavior:  
Sedentary activities were broken down into screen time (hours per day) vs non-
screen time (minutes per day). Non-screen time was defined as time spent sitting at work, 
at home, getting to and from places, or with friends, and time spent sitting at a desk, in a 
bus or car, reading, playing cards. Screen time was defined as the number of hours per 
day spent watching television, using a computer outside of work or school, and gaming 
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on PlayStation, Nintendo, or other portable video games. We did not include time spent 
sleeping as a sedentary activity. 49  
Total sedentary time was broken down into 2 levels defined below:  
1. Low: reported less than or equal to 210 minutes per day of no screen time or 
less than or equal to 4 hours per day of screen time.  
2. High: reported greater than 210 minutes per day of no screen time or greater 
than 4 hours of screen time.  
Sedentary screen-time physical activity was broken down into 2 levels defined below:  
1. Low: reported less than or equal to 4 hours per day of defined activity.  
2. High: reported greater than 4 hours per day spent on defined activity.  
Sedentary non-screen time physical activity was broken down into 2 levels defined 
below:  
1. Low: reported less than or equal to 210 minutes per day of defined activity.  
2. High: reported greater than 210 minutes per day spent on defined activity.  
Periodontal Disease Assessment:  
Periodontal status was assessed by means of full mouth periodontal examination 
conducted by dental examiners or licensed dentists in the United States. The full mouth 
periodontal examination included an evaluation of gingival recession and pocket depth 
measures in a mobile examination center (MEC). The data analyzed came from the 
periodontal exam and recommendation of care in NHANES 2011-2012. The periodontal 
exam obtains data on periodontal pockets, recession, and loss of attachment. While the 
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recommendation of care data set includes dental care recommendations and exam 
position.10 
Clinical attachment loss (CAL) and probing depth (PD) from 6 sites per tooth 
(mesio-buccal, mid-buccal, disto-buccal, mesio-lingual, mid-lingual, disto-lingual) on all 
teeth except third molars were used to define periodontal disease. The clinical attachment 
loss was calculated as the difference between the probing pocket depth and recession. 
Periodontal disease status was classified into 4 categories: mild, moderate, severe, or 
none. Severe periodontitis was defined as two or more interproximal sites with a CAL of 
greater than or equal to 6 millimeters (not on the same tooth) and one or more 
interproximal site with a probing depth of greater than or equal to 5 millimeters. 
Moderate periodontitis was defined as two or more interproximal sites with a CAL of 
greater than or equal to 4 millimeters (not on the same tooth) and two or more 
interproximal site with a probing depth of greater than or equal to 5 millimeters (not on 
the same tooth).10 Mild periodontitis was defined as two or more interproximal sites with 
a CAL of greater than or equal to 3 millimeters and two or more interproximal site with a 
probing depth of greater than or equal to 4 millimeters (not on the same tooth) or one site 
with probing depth of greater than or equal to 5 millimeters. Mild and Moderate (Mod) 
definitions were combined into one category called mild/moderate because there were not 
enough frequencies in reported mild alone. No periodontitis was defined as having no 
evidence of mild, moderate, or severe periodontitis.  
The total amount of any evidence of periodontal disease was also classified into 
two categories of yes or no. If a participant was defined as mild, moderate, or severe, then 
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the participants was a “yes” for evidence of periodontal disease. If a participant was 
defined as no periodontitis, then participant was a “no” for evidence of periodontal 
disease.50 
Covariates:  
 We assessed covariates such as age, sex, race, poverty level, education status, 
body mass index (BMI), and diabetes as mentioned in Table 2. Sex is a dichotomous 
variable and other variables are categorized into groups of 3 or more. Poverty-Income 
Ratio (PIR) was defined using the guidelines on the distribution of the PIR in NHANES 
study population. PIR ranges from 0 (no income) to 5 (greater than or equal to five times 
the federal poverty level).  
Smoking status was categorized into never smoker, former smoker, and current 
smoker. Participants who reported smoking less than 100 cigarettes in his or her lifetime 
was defined as a “never smoker”. Participants who reported smoking greater than or 
equal to 100 cigarettes in his or her life time and was currently smoking at the time of the 
questionnaire either “every day” or “some days” was defined as a “current smoker”. 
Participants who reported smoking greater than or equal to 100 cigarettes in his or her life 
time and was not currently smoking at the time of the questionnaire was defined as a 
“former smoker”.51-52 
Table 1. NHANES 2011-2012 variables used in this study.  
PAQ635 {Do you/Does SP} walk or use a bicycle 
for at least 10 minutes continuously to get 
to and from places? (yes/no) 
PAQ640 In a typical week, on how many days {do 
you/does SP} walk or bicycle for at least 




PAQ645 How much time {do you/does SP} spend 
walking or bicycling for travel on a typical 
day? (minutes)  
PAQ605 Vigorous Work Activity (yes/no)  
PAQ620  Moderate Work Activity (yes/no)  
PAQ610 In a typical week, on how many days {do 
you/does SP} do vigorous-intensity 
activities as part of your work? 
PAD615 How much time {do you/does SP} spend 
doing vigorous-intensity activities at work 
on a typical day? (minutes)  
PAQ625 In a typical week, on how many days {do 
you/does SP} do moderate-intensity 
activities as part of {your/his/her} work? 
PAD630 How much time {do you/does SP} spend 
doing moderate-intensity activities at work 
on a typical day? (minutes) 
PAQ650 Vigorous Recreational Activities:  
The next questions exclude the work and 
transportation activities that you have 
already mentioned. Now I would like to 
ask you about sports, fitness and 
recreational activities. {Do you/Does SP} 
do any vigorous-intensity sports, fitness, 
or recreational activities that cause large 
increases in breathing or heart rate like 
running or basketball for at least 10 
minutes continuously? 
PAQ665 Moderate Recreational Activities:  
{Do you/Does SP} do any moderate-
intensity sports, fitness, or recreational 
activities that cause a small increase in 
breathing or heart rate such as brisk 
walking, bicycling, swimming, or golf for 
at least 10 minutes continuously? 
PAQ655 In a typical week, on how many days {do 
you/does SP} do vigorous-intensity sports, 
fitness or recreational activities? 
PAD660 How much time {do you/does SP} spend 
doing vigorous-intensity sports, fitness or 




PAQ670 In a typical week, on how many days {do 
you/does SP} do moderate-intensity 
sports, fitness or recreational activities? 
PAD675 How much time {do you/does SP} spend 
doing moderate-intensity sports, fitness or 
recreational activities on a typical day? 
(Minutes)  
PAD680  The following question is about sitting at 
work, at home, getting to and from places, 
or with friends, including time spent 
sitting at a desk, traveling in a car or bus, 
reading, playing cards, watching 
television, or using a computer. Do not 
include time spent sleeping. How much 
time {do you/does SP} usually spend 
sitting on a typical day? (minutes/ day)  
PAQ710  Now I will ask you first about TV 
watching and then about computer use. 
Over the past 30 days, on average how 
many hours per day did {you/SP} sit and 
watch TV or videos?  
PAQ715  Over the past 30 days, on average how 
many hours per day did {you/SP} use a 
computer or play computer games outside 
of work or school? Include Playstation, 




Table 2. NHANES 2011-2012 covariates used in this study.  
SMQ020 (Smoking status) Smoked at least 100 cigarettes in life 
(yes/no) 
SMQ040 (Smoking status) Do you now smoke cigarettes?  
1=every day, 2=some days, 3=not at all  
RIDAGEYR (Age) Categorized into 4 groups:  
1. 30-34 years  
2. 35-49 years 
3. 50-64 years  
4. 65+ years  
RIAGENDR (Sex) Categorized into: Male or Female  
RIDRETH3 (Race) Categorized into 5 groups:  
1. Hispanics: Mexican American or 
other Hispanics  
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2. Non-Hispanic White 
3. Non-Hispanic Black  
4. Non-Hispanic Asian American  
5. Other Race/ Multi-Racial   
INDFMPIR (Poverty status) Categorized into 3 groups:  
1. >=0 and <1.38 (No-Low income) 
2. >=1.38 and <3.99 (Mod Income) 
3. >=3.99 (High Income)  
DMDEDUC2 (Education status)  Categorized into 3 groups: 
1. Less than High School  
2. High School Degree 
3. College or above  
DIQ010 (Diabetes status)  Doctor told you have diabetes:  
1. No  
2. Yes  
3. Borderline 
BMXBMI (BMI status in kg/m2)  Categorized into 4 groups:  
1. Underweight (<18.5) 
2. Normal weight (>=18.5 and <25) 
3. Overweight (>=25 and <=30) 


























Study flow diagram:  
 
 
























Missing cigarette (N=3) 
Missing education (N=2) 
Missing PIR (N=268) 
Missing diabetes (N=1) 













Exclude if no dental assessments 
(N=1317) 
Exclude if no teeth (N=1428) 
Exclude if no periodontal exam 
(N=3680) 
Exclude if missing all physical 
activity data (N=4) 
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Data Analysis  
The association between measures of physical activity (independent variable) and 
periodontal disease (dependent variable) were estimated through univariable and 
multivariable logistic regression models. Physical activity variables such as total 
transportation, occupation, and leisure time were assessed independently in a 
multivariable logistic model including the variables: gender, race, smoking, diabetes, 
socio-economic status, and education level. Socio-demographic variables used were age 
(four categories), sex/gender (dichotomous variable), race (dichotomous variable), 
income level (3 categories), and education (five categories). 
Descriptive statistical analysis demonstrating prevalence of periodontal disease by 
categories of self-reported MVPA (Moderate-to-Vigorous Physical Activity) in each 
domain of physical activity and sedentary time as well as by socio-demographic 
variables. Nonparametric analysis was used to analyze the non-normally distributed data 
on MVPA in the three domains: transportation, occupation, leisure time, and sedentary 
time. Through this analysis, the medians, tertiles, and categories were calculated.  
Statistical significance was conducted at a 95% significance level and p-value of 
0.05 and all analyses were conducted using SASs software version 9.4 and applying 






 We observed multiple socio-demographic groups with higher rates of periodontal 
disease including smokers, men, and older age (Table 3). Out of the total population, 
69.7% of current smokers had periodontal disease compared to only 46.8% of 
nonsmokers with periodontal disease (p-value <.0001). Compared to women, men had 
higher rates of periodontal disease (62.4% vs 44.8%) respectively (p-value <.0001). Over 
61.2% of adults aged 50 and over had periodontal disease compared to those aged 49 and 
younger of whom had 44.7%% or less rates of periodontal disease (p-value <.0001). 
Periodontal disease prevalence was highest among Hispanics and Non-Hispanic Blacks 
compared to non-Hispanic Whites and non-Hispanic American Asians. Individuals who 
had less than high school education were more likely to have periodontal disease (73.7%) 
compared to individuals of a higher education status (43.2%).  Individuals reported to be 
of the lowest poverty level (62.9%) were also more prone to have periodontal disease 
than those who were of higher monetary status (36.7%).  
Individuals with higher sedentary time (reporting greater than 210 minutes of 
non-screen sedentary time per day or greater than 4 hours per day of sedentary screen 
time) had higher rates of periodontal disease (59.8%) compared to individuals with lower 
total sedentary time (49.1%) (P-value <0.0001). Individuals with higher leisure time 
physical activity (greater than 0 minutes per week) had lower rates of periodontal disease 
(36.7%) vs. 56.5% of individuals with lower leisure time physical activity (0 minutes per 
week) (P-value <.0001).  
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However, after adjusting for covariates such as sex, age, race, poverty level, 
education status, and smoking status, leisure time physical activity was not associated 
with periodontal disease (OR 1.14; 95% CI 0.81,1.61; p=0.42). Whereas higher total 
sedentary time was associated with higher rates of periodontal disease (OR 1.18; 95% CI 
1.01,1.38; p=0.042). Other domains of physical activity were not associated with 
periodontal disease such as occupation (OR 1.05; 95% CI 0.80,1.38; p=0.70) and 
transportation (OR 1.02; 95% CI 0.76,1.36; p=0.90) physical activities.  
Similarly, when separating types of sedentary behavior by screen time (OR 0.96; 
95% CI 0.72,1.28; p=0.78) vs non-screen time(OR 1.15; 95% CI 0.93,1.43; p=0.20), we 
did not observe significant associations with periodontal disease.  
Descriptive data explaining the association of socio-demographic factors with 
physical activity 
Individuals of 65 years or older were reported to be the least physically active 
(31.31%) compared to 30 to 34 year olds (57.14%), 35-49 year olds (51.05%), and 50-64 
year olds (43.15%) (P-value <.0001; Appendix. Table 6). Females were more likely to 
report no physical activity (61.20%) compared to males (48.45%). Individuals with the 
lowest education status reported the least amount of physical activity (37.15%) compared 
to individuals of a higher education status (47.37%).  
Table 3. Demographics and Comparisons between those with Periodontal 
Disease and those without Periodontal Disease and Periodontal Disease 
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P-value indicates varying proportions of periodontal disease or periodontal disease severity based on 
sex, age, race, poverty level, and education  
Analysis conducted: Chi-square 
BMI: Missing 6468 values (sample size=3278)   
Diabetes: Missing 6444 values (sample size = 3302)  
Sex, Age Race: Missing 22 values  
Poverty Level: Missing 287 values  
Education: Missing 24 values 
 
 
Table 4. Demographics and Comparisons between those with Periodontal 
Disease and those without Periodontal Disease and Periodontal Disease Severity 
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n PA (min/wk) 








































































































































































































N= number of participants; percentage (%)= weighted percentages  
Min/wk= minutes per week  
Min/day= minutes per day  
Hrs/day= hours per day  
Physical Activity (PA) domains categorized in either All or None  
Transportation, occupational, leisure time physical activity: 0 vs >0  
Sedentary behavior non-screen time= min/day spent sitting on a typical day, traveling, reading, 
playing cards  










Table 5. Multivariable Logistic Regression to Determine the Odds of 
Periodontal Disease Presence by Physical Activity or Sedentary Behavior  
Characteristic Unadjusted  
Odds Ratio 
(OR) 
































Low 1 (Ref) 1 (Ref) 




























>0 1 (Ref) 1 (Ref) 













>0 1 (Ref) 1 (Ref) 
Sedentary Behavior 




























Low 1 (Ref) 1 (Ref) 
N= number of participants; percentage (%)= weighted percentages 
(  )= 95% Confidence Interval  
1(Ref)=Reference; Omitted for collinearity 




Some previous studies have suggested that not only a poor nutrient diet, but also a 
lifestyle of low physical activity is associated with an increased odd of developing 
periodontal disease.18-19 In our examination of data collected through NHANES, we 
observed that adults who reported higher sedentary time had higher prevalence of 
periodontal disease even after adjusting for common covariates such as sex, age, race, 
poverty level, education status, smoking status, BMI, and diabetes. But we did not 
observe significant association of physical activity with periodontal disease.  
Previous studies linking low physical activity levels with periodontal disease have 
some differences with our investigation. A recent meta-analysis of studies in adults 
reported that six studies have observed an association of physical activity with 
periodontal disease, compared to only one study that did not find a significant 
association.21 Larger studies with longer follow-up time are needed to confirm findings. 
Another recent study, the Finnish School Health Promotion Study, in adolescents 
observed that those who reported more hours of MVPA had better overall oral health than 
less active adolescents.22 Our study consisted of adults aged 30-80 years old and had 
covariates which played a larger role in this population than with adolescents such as age, 
smoking status, education level, and physical activity domains such as occupation and 
transportation. In future analysis, we plan to test for effect modification by covariates to 
understand whether there are specific subgroups of individuals in whom physical activity 
plays a larger role in oral health.  
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 There have been limited investigations of potential mechanisms by which 
physical activity may decrease the risk of periodontal disease. However, long-term 
habitual exercise have been observed to reduce subcutaneous and visceral fat, decrease 
pro-inflammatory cytokine levels, and increase levels of anti-inflammatory cytokines 
which could lead to pathological improvements in periodontitis conditions.53-56 These 
mechanisms should be studied in future investigations.  
Strengths and Limitations 
 Our study has several strengths including a large population and national sample 
from many geographic sites throughout the United States. We compared periodontal 
disease status as well as periodontal disease severity amongst different domains of 
physical activity such as transportation, occupation and leisure time; as well as sedentary 
behavior in contrast to previous studies which only looked at total physical activity.  
A major limitation was participant under-reporting or over-reporting how often 
they participate in physical activity and sedentary time in NHANES questionnaires. 
Prevalence data from NHANES is influenced by recall. High sedentary time is associated 
with other unhealthy habits such as an unhealthy diet. We were unable to disentangle the 
true driver of observed associations due to multiple correlated variables. Sedentary 
behavior is a risk factor for obesity and type 2 diabetes as well as mortality.57-58 
Sedentary behavior was found to be associated with unhealthy dietary choices.59-62 
Finally, but most importantly, our results should be viewed with caution because cross-




 Our findings indicate sedentary time is associated with higher rates of periodontal 
disease. Future prospective longitudinal studies and strategies are needed to investigate 
implications further and define the magnitude of the association between physical activity 





Table 6. Demographics and Comparisons between those with Any 
Total Physical Activity and those without Total Physical Activity  
Characteristic All Physical Activity (PA)  P-Value 
(n=3327) 
weighted 
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Table 7. Demographics and Comparisons between those with Low Total 
Sedentary Behavior vs those with High Total Sedentary Behavior  
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Table 8. Demographics and Comparisons of Levels of Transportation 
Physical Activity Status   
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Table 9. Demographics and Comparisons of Levels of Occupational 
Physical Activity Status   
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Table 10. Demographics and Comparisons of Levels of Leisure Time Physical 
Activity Status   
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Table 11. Demographics and Comparisons of Levels of Sedentary Behavior: 
Non-Screen Time   
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Table 12. Demographics and Comparisons of Levels of Sedentary Behavior: 
Screen Time 
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